요약. 제안된 방법은 국제표준(IS)인
INTRODUCTION
Entacapone is chemically described as (2E)-2-cyano-3- inhibitor of catechol-O-methyltransferase (COMT). The mechanism of action of Entacopone is believed to be through its ability to inhibit COMT and alter the plasma pharmacokinetics of levodopa. When Entacapone is given in conjucation with levodopa and aromatic amino acid decarboxylase inhibitor alone leading to greater effects on the signs and symptoms of Parkinson's disease. Entacopone is rapidly absorbed, with a T max of approximately 1 hour. The absolute bioavailability following oral administrations is 35%. Food does not affect the pharmacokinetics of Entacoponedue to its high plasma protein binding. The elimination of Entacopone is biphasic, with an elimination half-life of 0.4 h -0.7 h based on the β-phase and 2.4 h based on the γ-phase. The γ-phase accounts for approximately 10% of the total AUC. Entacopone is almost completely metabolized prior to excretion, with only a very small amount (0.2% of dose) found unchanged in urine. After oral administration of a 14C-labeled dose of entacopone, 10% of labeled parent and metabolite is excreted in urine and 90% in feces. 1 Several techniques such as, Amperometry and Liquidchromatography (LC) methods have been reported in the literature for the quantitative estimation of EA in pharmaceutical 3 and biological fluids. 2, [4] [5] [6] [7] [8] [9] Moreover, Amperometry involves a tedious extraction procedure involving too many steps. This may result inaccurate and imprecise results because of co-precipitation. 9 Entacapone was quantified in human plasma using a HPLC-UV. 4 They observed a good linearity between the concentration range of 25.0 -2500.00 ng/mL. However, the run time of each sample was approximately 13 min which is very tedious. LC-MS/MS has gained importance for the quantitative estimation of drugs in various biological matrices including plasma, serum, urine, and ocular fluids, due to its high sensitivity, selectivity and reproducibility. Only A few methods were developed by using LC-MS/MS. 2, 5, 10 In the present study, we have reported a highly sensitivity, selectivity and reproducible analytical method for the determination of EA in human plasma by LC-ESI-MS/MS with less sample volume and deuterated compound entacapone-D10 (EAD10) was used as an internal standard. Elution time was achieved 0.51 min for both drug and IS. LOD was proved for 2.00 pg/mL with S/N value of 4.2 and LOQ was proved 1.00 ng/mL with S/N value of 90.80 for EA. We have developed and validated the method as per the FDA guidelines over a concentration range of 1.00 -2000.00 ng/mL and was successfully employed in the analysis of plasma samples following oral administration of EA (200 mg) in healthy human volunteers.
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MATERIALS AND METHODS
Chemicals and reagents
Entacapone Obtained from Apotex Canada, Entacapone-D 10 Obtained from TLC Pharmachem. All other chemicals and solvents were purchased from S.D fine chemicals Mumbai. Human plasma was obtained from Navjeevan blood bank, Hyderabad.
Sample preparation
Liquid-liquid extraction was used to isolate Entacapone and its respective IS from human plasma. For this, 50 µL of IS (250.00 ng/mL) and 400 µL of plasma sample (Respective concentration) was added into labelled polypropylene tubes and vortexed briefly. 
Chromatographic conditions
Zorbax, SB-C18, 2.1 × 50 mm 5 µm, was selected as the analytical column. The mobile phase composition was 10 mM Ammonium formate (PH 3.0) and Acetonitrile in the ratio of (60:40 v/v). The flow rate of the mobile phase was set at 0.7 mL/min. The column temperature was set at 30 o C. Entacapone-D10 was found to be appropriate internal standard in terms of chromatography and extractability. The retention time of Entacapone, Entacapone-d10 was found to be approximately 0.56 ± 0.20 min and 0.54 ± 0.20 min respectively throughout the run.
LC-MS/MS instrument and conditions
The 1200 Series HPLC system (Agilent Technologies, Germany), Mass spectrometric detection was performed on an API 4000 triple quadrupole instrument (ABI-SCIEX, Toronto, Canada) using MRM. Data processing was performed on Analyst 1. 
Preparation of standards and quality control (QC) Samples
Standard stock solutions of Entacapone (100.00 µg/mL) and the IS (100.00 µg/mL) were prepared in Acetonitrile. The IS spiking solutions (250.00 ng/mL) were prepared in 50% Acetonitrile from IS standard stock solution. Standard stock solutions and IS spiking solutions were stored in refrigerator conditions (2 -8 o C) until analysis. Standard stock solutions of Entacapone was added to drug-free human plasma to obtain Entacapone concentration levels of 1.00, 2.00, 10.00, 20.00, 100.00, 200.00, 400.00, 800.00, 1200.00, 1600.00 and 2000.00 ng/mL for Analytical standards and 1.00, 3.00, 600.00, 1400.00 for Quality control standards and stored in a -80 o C set point freezer until analysis. The Aqueous standards were prepared in reconstitution solution (Aceonitrile: 0.09% Na 2 EDTA (30:70) for validation excercises until analysis.
Limit of quantification (LOQ)
The response (peak area) was determined in blank plasma samples (six replicates from different plasma lots) and spiked LOQ sample prepared from the same plasma was determined. The peak area of blank samples should not be more than 20% of the mean peak area of LOQ of EA and 5% of EAD10. The Precision and mean Accuracy of the back calculated LOQ replicate concentrations must be ≤ 20 and ≤ 20%, respectively. The S/N value for LOQ is ≥ 5 (Fig. 4c ).
Analytical curves
The analytical curves were constructed using values ranging from 1.00 to 2000.00 ng/mL of EA in human plasma. Calibration curves were obtained by linear model with logtransfered regression analysis. The ratio of EA/EAD10 peak area was plotted against the EA concentration in ng/mL. The suitability of calibration curve was confirmed by backcalculating the concentrations of the calibration standards. Calibration curve standards and quality control samples were prepared in replicates (n = 6) for analysis. The correlation coefficient was (> 0.9993) obtained in the whole range of tested concentrations. Precision and Accuracy for the back calculated concentrations of the calibration points, should be within ≤ 15 and ± 15% of their nominal values. However, for LLOQ the Precision and Accuracy should be within ≤ 20 and ± 20%.
Recovery
The extraction recovery of EA and EAD10 from human plasma was determined by analyzing Quality control samples. Recovery at three concentrations LQC, MQC and HQC (3.00, 600.00, and 1400.00 ng/mL) were determined by comparing peak areas obtained from the plasma sample and the standard solution spiked with the blank plasma residue. A recovery of more than 85% was considered adequate to obtain required sensitivity.
Stability (Freeze -thaw, Auto sampler, Room temperature, Long term)
Low quality control and high quality control samples (n = 6) were retrieved from deep freezer after three freeze-thaw cycles according to the clinical protocols. Samples were store at -80 o C in three cycles of 24, 36 and 48 hr. In addition, the long-term stability of EA in quality control samples was also evaluated by analysis after 55 days of storage at -80 o C. Autosampler stability was studied following 58.5 hr storage period in the autosampler tray with control concentrations. Room temperature stability was studied for 24.5 hr period with control concentrations. Stability samples were processed and extracted along with the freshly spiked calibration curve standards. The Precision and Accuracy for the stability samples must be ≤ 15 and ± 15% respectively of their nominal concentrations.
Analysis of plasma samples
The bioanalytical method described above was used to determine EA concentrations in plasma following oral administration of healthy human volunteers. These volunteers were, contracted in APL Research centre Pvt.Lt.D, Hyderabad, India and each subject was administered 200 mg dose (one 200 mg tablet) in 25 healthy human volunteers by oral administration with 240 mL of drinking water. 
Pharmacokinetics and statistical analysis
Pharmacokinetics parameters from the human plasma samples were calculated by a non-compartmental statistics model using WinNon-Lin5.0 software (Pharsight, USA). Blood samples were taken for a period of 3 to 5 times the terminal elimination half-life (t1/2) and it was considered as the area under the concentration time curve (AUC) ratio higher than 80% as per FDA guidelines. Plasma EA concentration-time profiles were visually inspected and Cmax and T max values were determined. The AUC 0-t was obtained by trapezoidal method. AUC 0-∞ was calculated up to the last measureable concentration and extrapolations were obtained using the last measureable concentration and the terminal elimination rate constant (K e ). The terminal elimination rate constant, (Ke), was estimated from the slope of the terminal exponential phase of the plasma of EA concentration-time curve (by means of the linear regression method). The terminal elimination half-life, t1/2, was then calculated as 0.693/Ke. Regarding AUC 0-t , AUC 0-∞ and C max bioequivalence was assessed by means of analysis of variance (ANOVA) and calculating the standard 90% confidence intervals (90% CIs) of the ratios test/reference (logarithmically transformed data). The bioequivalence was considered when the ratio of averages of log transformed data was within 80 -125% for AUC 0-t , AUC 0-∞ and C max .
RESULTS AND DISCUSSION
Method development and validation LC-ESI-MS/MS has been used as one of the most powerful analytical tool in clinical pharmacokinetics for its selectivity, sensitivity and reproducibility. The goal of this work was to develop and validate a simple, rapid and sensitive assay method for the quantitative determination of EA from plasma samples. A simple extraction technique was utilized in the extraction of EA and EAD10 from the plasma samples. Chromatographic conditions, especially the composition and nature of the mobile phase, were optimized through several trials to achieve best resolution and increase the signal of EA and EAD10. The MS optimization was performed by direct infusion of solutions of both EA and EAD10 into the ESI source of the mass spectrometer. The critical parameters in the ESI source includes the needle (ESI) voltage, which is directly related to the charged droplet formation and to the amount of gaseous ions formed. Capillary voltage was related to the gaseous ion guidance to the inside of the MS and is the last barrier between the atmospheric pressure and the high vacuum of the mass spectrometer. Other parameters, such as the nebulizer and the desolvation gases were optimized to obtain a better spray shape, resulting in better ionization and droplet drying to form, in our case, the protonated ionic EA and EAD10 (IS) molecules (Fig. 1) . A CAD product ion spectrum for EA and EAD10 yielded high-abundance fragment ions of m/z 233.1 and m/z 233.0 respectively ( Fig. 2 and 3) . After the MRM channels were tuned, the mobile phase was changed from an organic phase to a more aqueous phase with acid dopant to obtain a fast and selective LC method. A good separation and elution were achieved using 10 mM Ammonium formate (pH 3.0): Acetonitrile (60:40 v/v) as the mobile phase, at a flow-rate of 0.7 mL/ min and injection volume of 20 µL.
Specificity
The analysis of EA and EAD10 using MRM function was highly selective with no interfering compounds (Fig. 4a) . Chromatograms obtained from plasma spiked with EA (1.00 ng/mL) and EAD10 (250.00 ng/mL) are shown in Fig. 4b .
Matrix effect
To predict the variability of matrix effects in samples from individual subjects, matrix effect was quantified by determining the matrix factor, which was calculated as follows:
Matrix Factor = Peak response ratio in the presence of extracted matrix Peak response ratio in aqueous standards
Six lots of blank biological matrices were extracted each in triplicates and spiked with the aqueous standard at the mid QC level, and compared with aqueous standards of same concentration in alternate injections. The overall precision of the matrix factor is expressed as coefficient of Variation (CV %) and was determined to be 3.16 for Entacapone (Acceptance criteria CV % ≤ 15%).
Linearity, precision and accuracy
Calibration curves were plotted as the peak area ratio (EA/ EAD10) versus (EA) concentration. Calibration was found to be linear over the concentration range of 1.00 -2000.00 ng/mL. The R.S.Ds was less than 15% and the Accuracy ranged from 92.60 to 106.40%. The determination coefficients (r 2 ) were greater than 0.9993 for all curves (Table 1) . Precision and Accuracy for this method was controlled by calculating the intra and inter-batch variations at three concentrations (3.00, 600.00 and 1400.00 ng/mL) of QC samples in six replicates. As shown in Table 2 , the intra-batch R.S.Ds were less than 7.30% and the Accuracy ranged from 97.30 to 104.20%. The inter-batch R.S.Ds were less than 5.5% and the Accuracy ranged from 98.30 to 105.80%. These results 
Recovery
The recovery following the sample preparation using Liquid-liquid extraction with Ethylacetate and n-Hexane was calculated by comparing the peak area of EA in plasma samples with the peak area of solvent samples and was estimated at control levels of EA. The recovery of EA was determined at three different concentrations 3.00, 600.00 and 1400.00 ng/mL, were found to be 95.18, 93.52 and 97.33%, respectively. The overall average recovery of EA and EAD10 were found to be 98.01 and 102.57% respectively.
Limit of Detection (LOD)
The limit of detection was determined using S/N values which should be ≥ 3 -5. For Entacapone 20 µL of a 100.00 pg/mL neat solution was injected to give an on-column mass of 2.00 pg. S/N value was found to be 4.20 (Fig. 4d) . Fig. 5 . All the plasma concentrations of EA were in the standard curve region and retained above the 1.00 ng/mL (LOQ) for entire sampling period (Table 4 , Table 5 ).
Application to biological samples
CONCLUSION
In this article we have reported the use of LC-ESI-MS/MS for accurate, precise and reliable measurement of EA concentrations in human plasma after oral administration of 200 mg to healthy volunteers. The method described here is fast, robust, and sensitive. Each sample requires less than 6 min of analysis time. The drug and IS were eluted within 2 minutes. The assay method is also highly specific due to the inherent selectivity of tandem mass spectrometry and has significant advantages over other techniques previously described for measuring entacapone in biological fluids. The sensitivity of the assay is sufficient to follow accurately the pharmacokinetics of EA following oral administration.
